
Final Report for "The Potential for a Novel Transformation-Toughened 

Composite"

Public Reporting Burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, 

searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comment 

regarding this burden estimate or any other aspect of this collection of information, including suggesstions for reducing this burden, to Washington 

Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA, 22202-4302, and 

to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington DC 20503

1. AGENCY USE ONLY (Leave Blank)

4.  TITLE AND SUBTITLE

6. AUTHORS

7.  PERFORMING ORGANIZATION NAMES AND ADDRESSES

9.  SPONSORING/MONITORING AGENCY NAME(S) AND 

ADDRESS(ES)

U.S. Army Research Office 

 P.O. Box 12211 

 Research Triangle Park, NC 27709-2211

11.  SUPPLEMENTARY NOTES

The views, opinions and/or findings contained in this report are those of the author(s) and should not contrued as an official Department 

of the Army position, policy or decision, unless so designated by other documentation.

12. DISTRIBUTION AVAILIBILITY STATEMENT

Distribution authorized to U.S. Government Agencies Only, Contains Proprietary information

13.  ABSTRACT (Maximum 200 words)

The abstract is below since many authors do not follow the 200 word limit

14.  SUBJECT TERMS

mechanical properties, cracks, toughness, ceramics, transformation toughening

17.  SECURITY 

CLASSIFICATION OF REPORT

UNCLASSIFIED

NSN 7540-01-280-5500

Ivar E. Reimanis

Colorado School of Mines

1500 Illinois St.

Golden, CO 80401 -1890

REPORT DOCUMENTATION PAGE

18.  SECURITY CLASSIFICATION 

ON THIS PAGE

UNCLASSIFIED

24-Jul-2007

2. REPORT DATE:

12b.  DISTRIBUTION CODE

UNCLASSIFIED

19.  SECURITY 

CLASSIFICATION OF 

ABSTRACT

5.  FUNDING NUMBERS

8.  PERFORMING ORGANIZATION REPORT 

NUMBER

10.  SPONSORING / MONITORING AGENCY 

REPORT NUMBER

49740-MS-II.1

W911NF-06-1-0338

Final Report

Form Approved OMB NO. 0704-0188

3. REPORT TYPE AND DATES COVERED

1-Aug-2006

Unknown due to possible attachments

16.  PRICE CODE

Standard Form 298 (Rev .2-89) 

Prescribed by ANSI Std. 

239-18 298-102

15.  NUMBER OF PAGES

20.  LIMITATION OF 

ABSTRACT

UL

- 30-Apr-2007



Final Report for "The Potential for a Novel Transformation-Toughened Composite"

Report Title

ABSTRACT
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The Potential for a Novel Transformation Toughened Composite 

PI:  Ivar Reimanis, Colorado School of Mines 

 

Statement of Problem Studied: 

The objective of the study was to establish whether or not it is possible to use β-
eucryptite to make a transformation toughened composite.  The approach was to add 
particles of β-eucyrptite to an inert ceramic matrix, press and sinter to high density, and 
conduct mechanical properties tests.  The mechanical testing included Vickers 
indentation tests to qualitatively evaluate crack paths, and notched four point bend 
tests.   

The concept was based on a recent observation that β-eucryptite composites exhibit a 
unique phenomenon in which particles are ejected from the surface when the material is 
indented with a sufficient load.  A pressure-induced phase transformation was reported 
to occur in β-eucyrptite [1,2], and it is hypothesized that the transformation is involved in 
causing particle ejecta.  The present work seeks to utilize the transformation by 
promoting it during cracking, thereby toughening a ceramic.   



 

Summary of the Most Important Results: 

Progress was made to establish that a transformation is indeed involved when β-
eucryptite composites are indented with any kind of indenter.  This was written and 
published in one of the papers for this project. 

Composites comprising β-eucryptite particles contained within a ZrO2 matrix were made 
by mixing powders, and hot pressing. The β-eucryptite was provided by CoorsTek.  It 
contained about 15 vol. % of a second phase, lithium aluminate (LiAl5O8), according to 
x-ray diffraction and SEM.  Our efforts to produce pure β-eucryptite were not successful 
in the time period of this project.  Three different particle sizes were used; these were 
made by grinding and sieving β-eucryptite.  Densities achieved were relatively high, but 
specimens with the larger β-eucryptite particle sizes cracked extensively around the 
particles.  SEM images of the indents and the associated cracks formed are shown in 
Figures 1 and 2 for pure ZrO2, and for one of the composites produced.  It is apparent 
that significant crack deflection occurs when β-eucryptite particles are present in the 
ZrO2, and such deflection suggests toughening is operative.  The measured crack 
length, a representation of the toughness, was not significantly different between the 
various specimens; applying the Anstis model for toughness, a toughness of 4.1 MPam 
1/2 was determined for both specimens.  However, because the cracking mechanism 
may be different in the two specimens (i.e., the model used to calculate toughness may 
be different), it is not appropriate to compare the quantitative results at this time. 

The notched four-point bend bars have not been tested at the time of the writing of this 
report.   

 



 

Figure 1.  Pure ZrO2 on left.  Composites with 10 wt. % beta-eucryptite on right.  Both figures show a 
crack emanating from the indent apparent in the left side of the figure.  Significant crack deflection and 
tortuosity is apparent in the figure on the right, an indication of enhanced toughness.  

 

 

 

Figure 2.  In the composite (right picture), the dark contrast represents the beta-eucyptite particles which 
are clearly interacting with the crack.   
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